The diagnosis and therapy of cervical vertebral stenotic myelopathy (CVSM) are challenging and have been most frequently described in racehorses. We aimed to analyse CVSM cases presented for diagnostic work-up and treatment in a nonracing horse population. We hypothesised that our diagnostic work-up protocol including clinical/orthopaedic/ neurological/radiographic and myelographic examinations may provide practical reference points for in vivo diagnosis/ prognosis and adequate CVSM management. Medical records from 2010 to 2015 were reviewed retrospectively. Cases were included if our standardised work-up protocol was followed, there was no evidence of any infectious diseases causing the neurological signs, and native cervical radiographs and myelograms confirmed CVSM. Age/breed/ sex/type of performance/degree of neurological deficits and number/sites/quality/therapy of stenosis were recorded. Sixtytwo horses met the inclusion criteria. The majority of the horses were aged 5-10 years (44%) or >10 years (35%); nine horses (15%) were 1-4 years and four <1 year (6%) old. Fortysix horses were Warmbloods (73%), 10 ponies (16%) and six of other breeds (11%). Males were more affected (69%) than females (31%). Sixty-one percent were pleasure-horses, 26% were sport-horses and no information was available for 13%. Most cases presented with mild-moderate neurological signs (grade 2/5 = 18%, grade 2-3/5 = 31%). On myelograms, 23 horses (37%) had single-level, 22 (35%) had double-level, and eight (13%) triple-level stenosis, while nine cases (15%) did not have stenosis. Fifty horses (55%) showed dynamic and 41 (45%) static stenosis. Dynamic stenosis was more common (46%) than static (29%) stenosis and/or combined stenosis (25%). Stenoses were more frequently observed in the mid-tocaudal vertebrae. Static stenoses tended to be located more caudally. Based on our protocol, 15% of horses were subjected to euthanasia without therapy, 62% treated conservatively and 23% underwent cervical ventral interbody fusion. In conclusion, our diagnostic work-up protocol provided practical reference points for in vivo diagnosis/ prognosis and adequate management of CVSM in a nonracing horse population.
Introduction
Cervical vertebral stenotic myelopathy (CVSM) is a common equine neurological disorder. Several studies describe the relationships between age, breed and sex, as well as pathophysiology, diagnosis and treatment of CVSM in detail. However, the majority of the clinical and research reports originate from North America and are limited to racehorses (Levine et al. 2008 (Levine et al. , 2010 . The management of this disease is still under debate (Nout and Reed 2003; Van Biervliet et al. 2006; Levine et al. 2008) . In continental Europe, there is a rapidly growing population of Warmbloods, different pony breeds and Quarter Horses that are either used as companion animals or for pleasure riding. Little is known about the incidence and management of CVSM in this specific population. Potentially, the occurrence, type and management of CVSM in Europe may differ from that in the USA. To our knowledge, sufficient data concerning CVSM in this specific equine population are lacking since fewer European referral centres are dealing with diagnosis and treatment of CVSM (Walmsley 2005) .
Therefore, in the current case study, we aimed to analyse and describe CVSM cases in a large European horse population presented for diagnostic work-up and treatment. Our goals were to: 1) share experiences; and 2) generate practical reference points regarding the diagnosis and management of equine ataxia caused by CVSM in a representative European horse population. We hypothesised that our standardised diagnostic work-up protocol including clinical, orthopaedic and neurological examinations along with cervical radiographs and myelograms may allow for proper diagnosis, prognosis and adequate management of CVSM in a nonracing horse population.
Materials and methods
The medical records of horses presented for evaluation of ataxia between 2010 and 2015 were reviewed retrospectively. Cases were only included if: i) the standardised work-up protocol was strictly followed and completed; ii) no infectious diseases that could cause the neurological signs were identified; and iii) standardised workup and plain cervical radiographs/myelograms confirmed CVSM. Age, breed, sex, admission date, type of performance, degree of neurological deficits, location and quantity of affected sites, type of compression (dynamic = type I vs. static = type II) as well as the type of therapy and management were recorded.
The standardised work-up protocol consisted of routine clinical, orthopaedic and neurological examinations (MacKay 2006) , as well as a radiographic and myelographic evaluation. The neurological examinations were performed according to a standardised protocol and scoring (Mayhew et al. 1978; MacKay 2006; Mayhew 2009a; Furr and Reed 2015) ( Table 1) . The reliability and reproducibility of the examinations were ensured by a consistent and experienced team of veterinarians (Olsen et al. 2014) . Plain standing lateral radiographic projections were screened subjectively for structural vertebral abnormalities and the likelihood of CVSM (Moore et al. 1994) . In addition, intervertebral body ratios were measured to screen for potential sites of cervical canal stenosis (Moore et al. 1994) .
All myelograms were performed under general anaesthesia using xylazine 1 (Xylariem; 1.1 mg/kg bwt i.v.), diazepam 2 (Diazepam-ratiopharm; 0.02 mg/kg bwt i.v.) and ketamine 3 (Anesketin; 2.2 mg/kg bwt i.v.) for induction, and isoflurane 4 (IsoFlo) in a semiclosed inhalation system for maintenance. The animals were positioned in right lateral recumbency, and a nonionic contrast medium (Accupaque 350; 10 ml/100 kg bwt iohexol 350 mg I/ml) 5 was slowly injected subarachnoidally into the atlanto-occipital space after retrieving an equivalent volume of cerebrospinal fluid. Subsequently, radiographs were taken in neutral, flexed and extended neck positions. Based on the myelograms (Papageorges et al. 1989) , the number of stenoses were recorded and classified as either dynamic (type I) or static (type II). A minimal reduction of 50% in the dorsal and the ventral contrast columns in flexed neck positions suggested type I stenosis, while type II stenosis was diagnosed if reduction was present regardless of the neck position (Nout and Reed 2003; Van Biervliet et al. 2004) . All cases were recovered from anaesthesia using head and tail ropes. Microscopic examinations of the material collected from the affected sites (Mayhew et al. 1978) were performed where appropriate and if permission was given by the owners. A decision for either conservative therapy, surgical management or euthanasia was based on the veterinarians' advice and/or owner 0 s treatment expectations. If conservative management was initiated, the cases were treated with nonsteroidal anti-inflammatory drugs, vitamin E supplementation, exercise restriction and/or nutritional adjustments in horses aged <1 year (Mayhew et al. 1993) . If indicated, osteoarthritic facet joints were injected with corticosteroids as described previously (Nout and Reed 2003; Birmingham et al. 2010) . If surgical management had been elected, horses were placed in dorsal recumbency and the affected sites were approached ventrally. The cervical vertebral bodies were fused using titanium-based kerf-cut cylinders (Trostle et al. 2003) or a stainless steel locking compression plate (Rossignol et al. 2016) .
Results
Ninety-three horses were admitted for evaluation of neurological deficits between 2010 and 2015. Among those horses, 67% (n = 62) met the defined inclusion criteria. Clinical, orthopaedic, neurological, radiographic and myelographic examinations were performed without complications in all cases. Data analysis revealed an increasing number of myelographic examinations over the years with a slight decrease in 2015. Over three-quarters of the horses were aged 5-10 years (44%, n = 27) or >10 years (35%, n = 22). Fifteen percent (n = 9) of horses were aged 1-4 years and only 6% (n = 4) were <1 year. Neurological deficits were recorded in 46 Warmbloods (73%), 10 ponies (16%) and six horses of other breeds (11%). Icelandic ponies were overrepresented among the small breeds (40%). Females were less frequently affected (31%, n = 19) than males (69%, n = 43), and among the latter, there were more geldings (83%, n = 36) than stallions (17%, n = 7). Sixty-one percent (n = 38) of the cases were kept for pleasure riding and 26% (n = 16) were sport horses. There was no information available in 13% (n = 8) of the studied horses.
Clinical and orthopaedic examinations were unremarkable. However, most cases presented with mild to moderate neurological signs (grade 2/5 = 18%, grade 2-3/ 5 = 31%) followed by grade 3/5, 1/5, 4/5 and 5/5 neurological deficits in decreasing order (Fig 1a) . On radiographs, osteoarthritic changes were observed in nine cases of type II CVSM at the C5/6 and C6/7 level. The myelograms revealed single-level stenosis in 23 horses (37%), double-level stenosis in 22 (35%) horses, triple-level stenosis in 8 (13%) cases and no stenosis in nine horses (15%; Fig 1b) . A total of 91 stenotic lesions were observed, and among these, 50 horses (55%) showed dynamic stenosis and 41 (45%) static stenosis ( Table 2 ). In general, stenoses were more commonly present in the mid to caudal vertebral sections, and static stenotic lesions tended to be located more caudally (Fig 2) . A microscopic examination was performed in nine horses and revealed a melanoma at C2, an undifferentiated spaceoccupying mass at C2/C3, a presumptive meningeal cyst or disc prolapses (annular hypertrophies) at C5/C6, C6/C7 and C7/T1 in three cases. Fifteen percent of the horses (n = 9) were subjected to euthanasia without therapy, and 62% (n = 39) were treated conservatively. In that group, 31% (n = 12) of the cases were subjected to euthanasia due to lack of improvement. Twenty-three percent of the cases (n = 14) underwent cervical vertebral interbody fusion. Fullythreaded kerf-cut cylinders were used more commonly (Fig 3a,b) than partially threaded kerf-cut cylinders (Fig 3c,d ) and/or locking compression plates (Fig 4b) . Single-level fusion was more frequently required (79%, n = 11; Fig 3a,c) than double-level cervical vertebral interbody fusion (11%, n = 3; Fig 3b,d) . Postoperatively, 57% (n = 8) of all surgical cases were subjected to euthanasia due to either vertebral fractures or implant migration. In one case, sudden death occurred immediately after intraoperative vagal nerve irritation and was confirmed on electrocardiography. Postoperative laryngoscopy revealed no laryngeal hemiplegia in any horse. Cervical fusion of the affected sites was monitored TABLE 1: Grading system for neurologic deficits according to Mayhew (Mayhew et al. 1978) 
Discussion
In general, thorough clinical, orthopaedic and neurological examinations are essential to differentiate lameness from neurological deficits. CVSM has been described as a common cause of equine ataxia (Mayhew et al. 1978) . The available literature of CVSM mainly concerns its diagnosis and management in racehorses (Levine et al. 2008) . However, information on the diagnosis of this disease in horses used in other disciplines is lacking. In contrast, we describe the findings in a population of typical non-racing horses, including Warmbloods, different Pony breeds, Quarter Horses and Appaloosas. Eighty-seven percent of the cases (n = 54) were used for pleasure riding and/or were companion animals. Interestingly, an increased presence of CVSM in the Icelandic horses and ponies was noticed, but this also reflected our hospital population. Similar to other findings in the literature (Levine et al. 2010) , final conclusions on the specific breed disposition cannot be drawn due to the small population size studied. An overall incidence rate of 67% in our population is similar to that observed by others (Levine et al. 2008) , suggesting CVSM as a cause of equine ataxia in (Mayhew et al.1978) . However, more recent reports describe CVSM also in older horses (Mayhew and Green 2002; Levine et al. 2007; Furr and Reed 2015) . Similarly, our results support previous findings since 79% (n = 49) of the affected horses were aged >5 years. However, age distribution of the horses in this study may also reflect differences in the training schedules. Nonracing horses usually enter training significantly later in their career, also revealing neurological deficits later. Similar to other authors (Walmsley 2005; Levine et al. 2008 Levine et al. , 2010 , we found that males were significantly more affected by CVSM than females, with geldings constituting the vast majority of the cases. Overall, our results indicate that the age, breed and sex distribution of horses affected by CVSM is similar in race and nonrace horse populations. Neurological examinations are subjective and potentially insufficient considering the multifactorial aetiology of neurological symptoms, differences in examiner experience and/or the presence of concurrent musculoskeletal disease (Olsen et al. 2014 ). In the current study, all the examinations were performed by the same group of well-experienced veterinarians. Nevertheless, grading of neurological deficits is a well-established method in equine practice (Mayhew et al. 1978) and was also employed in the current study. Similar to previous reports (Grant et al. 2006) , we found that almost half of the confirmed CVSM-cases (49%, n = 30) showed mild to moderate ataxia on presentation. Our observations may reflect the low owner recognition rate of ataxia. Mild neurological deficits are potentially overlooked and/or misinterpreted by nonprofessionals. Furthermore, the horses were frequently referred for further investigations after an inconclusive orthopaedic examination, failed treatment or persisting performance problems under the saddle. A concurrent back problem was noticed in one horse only, resulting in a local corticosteroid injection. Therefore, our observations may indicate an underestimation of neurological equine cases in nonracing horses. In contrast to other reports (Howe et al. 2014; Reed et al. 2016) , none of the horses underwent testing for equine protozoal meningoencephalitis since this parasitic disease is not endemic in Europe (Goehring and Sloet van OldruitenborghOosterbaan 2001) . This is another significant difference between American and European case populations (Howe et al. 2014; Reed et al. 2016 ).
In the current study, plain radiographs were helpful to rule out structural abnormalities or osteoarthritis (OA) of the cervical vertebrae as described elsewhere (Mayhew et al. 1993 ). In accordance with other studies (Whitwell and Dyson 1987) , most osteoarthritic changes were detected at the level of C5/6 and C6/7. Thorough clinical and neurological examinations, along with more powerful mobile radiographic equipment, may improve initial diagnosis of type II CVSMassociated osteoarthritis (Mayhew and Green 2002; 2009b) in ataxic cases. Thirty-one ataxic cases were excluded from the study since neck radiographs were taken without the opportunity of performing myelograms. Among the latter group, 14 horses were aged >10 years. Those cases may have also suffered from mild and radiographically indiscernible cervical vertebral osteoarthritis. The latter has also been described as type II CVSM (Mayhew and Green 2002; Mayhew 2009b ) causing neurological deficits only in certain neck positions (Olsen et al. 2014) or by slowly increasing spinal cord compression over time. Moreover, lateral radiographs are inadequate in diagnosing lateral spinal cord compressions leading to false negative results. In return, narrowing of the vertebral canal can occasionally occur with false negative myelographic results (Schmidburg et al. 2012) and demonstrating the need for 3D cervical vertebral imaging. Recently, computed tomography (CT) and myelo-CT have been advocated for diagnosing spinal diseases (Kristoffersen 2016) , and may allow for a more global view of the neck pathology. However, a lack of soft tissue detail and the low availability of big-bore CT-gantries is a limiting factor for this method of diagnostic imaging. Magnetic resonance imaging would be particularly beneficial to portray soft tissue lesions, but is currently limited to the upper cervical vertebrae. In contrast to advanced imaging techniques, plain radiographs along with myelograms represent a practical alternative that can be rapidly performed, does not require special equipment and remains the most applicable diagnostic modality to visualise CVSM in vivo. Although histopathology is undoubtedly considered as the 'gold standard' for the final diagnosis of CVSM (Nout and Reed 2003) , we used myelograms in this study to confirm CVSM. Myelography has been widely accepted to confirm the potential site of spinal cord compression in vivo, and has been used in practice for many years (Van Biervliet et al. 2004 ). In the current study, a minimal reduction of 50% of the dorsal contrast columns (Van Biervliet et al. 2004 ) indicated CVSM in 85% of all the cases. In 15% of the ataxic horses, no significant stenoses were observed on myelograms, which confirms a poor correlation between myelography and histopathology, as reported previously (Van Biervliet et al. 2004) . Unfortunately, none of those cases were available for a microscopic examination and thus, a presumptive clinical diagnosis of CVSM was made. In alignment with other studies (Levine et al. 2007 (Levine et al. , 2008 , myelograms more frequently revealed a dynamic and single-level pathology than static lesions. In general, type-II CSVM-lesions tended to be located more caudally and were associated with osteoarthritis at C5/ C6 or C6/C7 in nine cases confirming earlier observations (Mayhew and Green 2002; Mayhew 2009b; Schmidburg et al. 2012; Furr and Reed 2015) . Cervical arthropathy might be related to the tremendous biomechanical forces and chronic wear at the cervicothoracic junction. Potentially, a lack of more powerful radiographic equipment may have prevented the detection and confirmation of more distally located stenotic segments in the past.
Space-occupying masses and melanomas have been reported as the cause of cervical stenosis (Schott et al. 1990) confirming that histopathology remains the 'gold standard' for the diagnosis of CVSM (Nout and Reed 2003) but also demonstrating the limitations of myelograms and the need for more sophisticated 3D-imaging modalities. Furthermore, multiple disc prolapses in the current study support suggestions that intervertebral disc disease in horses may be underdiagnosed (Furr et al. 1991; Speltz et al. 2006) . Those histological lesions may require advanced imaging modalities and/or different treatment strategies.
Successful management of CVSM is still challenging and under debate. The grade of the neurological deficits, owner compliance and expectations as well as the origin, cause, number and type of stenosis are determining factors. Currently, euthanasia, conservative therapy and surgical management have been described (Mayhew et al. 1993; Trostle et al. 2003) . Conservative therapy of CVSM is well described (Mayhew et al. 1993) and was initiated in the majority of the horses whose owners did not elect surgery. Systemic nonsteroidal anti-inflammatory drug administration was initiated in all the cases to reduce pain, swelling and inflammation as reported elsewhere (Moore et al. 1993) . Six horses with concurrent cervical vertebral arthropathy were successfully treated with additional ultrasound guided cervical articular process joint injections to alleviate local pain (Grisel et al. 1996; Birmingham et al. 2010) . Furthermore, daily restriction of energy and protein intake ("paced diet") was initiated in cases aged <1 year to retard bone growth, increase bone metabolism and thus, spinal canal enlargement (Mayhew et al. 1993) . Simultaneously, vitamin E supplementation was initiated in such cases (Mayhew et al. 1993) . Overall, 31% (n = 12) of the conservatively managed cases did not respond to treatment and were subjected to euthanasia. In return, 69% of the cases improved clinically and are currently ridden and used. Overall, conservative a) b)
Fig 4: a) Cervical vertebral interbody fusion at the C4/C5 articulation using a titanium based kerf-cut cylinder. This surgical technique was routinely used. b) A stainless steel locking compression plate was applied to C5/C6 to stabilise a posttraumatic fracture that caused CVSM.
therapy was successful in the horses that showed mild to moderate neurological deficits as reported elsewhere (Birmingham et al. 2010; Hoffman and Clark 2013 ). In the current study, surgical intervention was indicated and/or requested in <25% of all the cases. In general, the number of the affected sites, the degree of the neurological deficits and the presence of concurrent lesions had a great impact on the decision for surgical management. Different surgical techniques have been described for the treatment of CVSM (Trostle et al. 2003; Rossignol et al. 2016) . Currently, the implantation of a titanium-based, threaded kerf-cut cylinder is the most popular and refined option available, and was also used in our study. However, specialised equipment and a great level of experience are required to successfully carry out the procedure. When this minimally invasive approach was used, fewer complications and rapid bone fusion were observed as described by other authors (Trostle et al. 2003) , but a high fatality rate for the surgical management of CVSM at C6/C7 was also confirmed (Moore et al. 1993) . More recently, an application of locking compressions plates for the treatment of CVSM has been tested in vitro (Reardon et al. 2009 ) and was used clinically for cervical body fractures (Rossignol et al. 2016) . Nonspecialised equipment and a technically less demanding surgical technique appear attractive. However, greater seroma formation and screw failures were frequently reported (Rossignol et al. 2016) . These complications may be secondary to more extensive soft tissue dissection and a challenging biomechanical situation. Therefore, we limited this technique to CVSM-management with substantial bone loss as described elsewhere (Rossignol et al. 2016) . Recently, Aldrich (2016) reported the use of a pedicle screw and rod construct, tested ex vivo and adapted from human spinal surgery, in a small cases series. However, those implants are expensive and long-term results on a larger case population are still required for further validation.
Conclusion
In conclusion, our standardised diagnostic work-up protocol including clinical, orthopaedic and neurological examinations along with cervical radiographs and myelograms may provide practical reference points for the proper diagnosis, prognosis and thus, adequate management of CVSM in a nonracing horse population.
Conservative and surgical treatment strategies were valuable management options. Among treated horses, 69% of conservatively managed and 43% of surgical cases returned to use. Surgical cervical vertebral interbody fusion using threaded kerf-cut cylinders resulted in sufficient stabilisation and thus, remains a reliable technique particularly in more severely affected horses.
